density, heat power density and system COP are able to reach 1047 kJ·kg - 
28
As a typical type of renewable energy, solar energy is characterized as discontinuity and storage technology has become an urgent challenge, which is required to avoid heat loss during long storage period by using low-cost and reliable materials. Compared with conventional sensible and storage [7] . Also worth noting that flexible working modes of STES could be realized, which are 48 namely direct heat supply [8] , cold and heat cogeneration to supply useful cold and heat
49
simultaneously [9] as well as energy upgrade to upgrade the quality of thermal energy [10] . The external
50
heat source promotes the decomposition of sorption work pair, and energy could be stored in forms of 51 chemical potentials separately. When sorbate and sorbent come to react again, heat will be released in 52 exothermic process [11] . In this process, energy could then be stored without heat loss as long as 53 sorbent and sorbate are kept separate [12] . In spite of these distinguished traits, it is admitted that liquid 54 ammonia inside the evaporator of STES system will result in safety risk if high heat output temperature 55 is required. An improved safety and system compactness could be obtained by resorption thermal 56 energy storage (RTES) since there is no liquid ammonia in the system. Evaporator/condenser is 57 replaced by LTS reactor [13] .
58
With regard to both STES and RTES, heat input and output power rate are usually considered as 59 two key parameters, which are closely relevant with sorption characteristics. It is extensively
60
acknowledged that granular metal halides will have the disadvantages of swelling and agglomeration,
61
which will reduce sorption and desorption rate. Composite sorbent is regarded as a common solution 62 due to the improved thermal conductivity and permeability [14, 15] 
155
For this experiment, charging and discharging process will be operated every other day to ensure 156 that temperatures of HTS and LTS before discharging process are the same with ambient temperature.
157
To comprehensively investigate the performance of RTES system for seasonal energy storage, different 
170
Heat input of RTES system for seasonal energy storage during the charging process can be 171 expressed as equation (6):
where Qin is total heat input during the charging process, which is composed of desorption heat, 
177
Heat output of RTES system for seasonal energy storage during the discharging process can be 178 expressed as equation (7)- (9):
where Qdischa is total heat output during the discharging process. Qout is effective heat output for end user.
183
Qsen is sensible heat consumption of HTS reactor. tdischa is time for heat output of HTS reactor.
184
Mass heat storage density HSDm and effective mass heat storage density can be expressed as equation (10) 
191
Heat storage efficiency COP can be expressed as equation (13) Fig.5a demonstrates that mass heat storage density increases with the 236 decrease of heat output temperature and the increase of ambient temperature. This is mainly because 237 that the higher output temperature will result in the increase of heat loss to the environment. Another 238 reason is that the higher ambient temperature and lower heat output temperature will lead to larger 239 chemical potential, which accelerates sorption reaction rate during the discharging process. In some cases, capacity and time of heat output should be considered to meet the demands of end 263 users. Heat power density is defined and used to assess heat discharging rate of RTES system for 264 seasonal energy storage, which is shown in Fig.7 
272
Based on all the accuracies of measuring sensors, errors of heat storage density, heat storage 
282
It is widely acknowledged that sensible heat of metal part could be used to supply the heat for end 
287
of RTES system, mass ratio between metal and sorbent is usually assumed as 1. However, for real 288 system this ratio cannot be reached by constraints of manufacture processing and cost. One remarkable 289 fact is that mass ratio of STES system is generally higher than that of RTES due to the fact that
290
condenser/evaporate will be calculated into the mass of whole system. Considering RTES system for 291 seasonal energy storage in this experiment, mass ratio between metal and sorbent is still as high as 5.9.
292 Fig.9 indicates system performance of RTES system in term of different mass ratios, which is used to 293 further investigate the potential improvement. It is worth noting that system COP could be improved
294
by reducing the mass of metal part of RTES system.
295
When mass of metal part isn't taken into account, the highest COP is able to reach 0.763 under the 
308
To further illustrate the novelty of sorption system for seasonal energy storage, the experimental 309 system is compared with other sorption prototypes at high ambient temperature in term of storage 
313
One remarkable fact is that water is mainly used as working fluid of sorption systems for relative low system COP, which proves that the system still has a reasonable performance at high 317 ambient temperature. Also worth noting that water STES system could not realize energy storage when 318 evaporation temperature is lower than 0 o C. Comparably, ammonia system for seasonal energy storage 319 could achieve that, which will be further analyzed in next section. 
321

325
For low ambient temperature in winter, heat output temperature of RTES system could not reach 326 the required demand through a set of HTS and LTS reactor due to the monovariant characteristic of increases heat output temperature by using internal heat recovery between two sets of HTS and LTS 
368
the selected condition has been evaluated above, the main work will focus on internal heat recovery.
369
That is whether sorption heat released by HTS reactor 1 at a heat output temperature of 30 o C is enough
370
to be used to supply the required heat consumption of LTS reactor 2 to increase its working pressure. It
371
is worth noting that sorption heat Qs,HTS1 released by HTS reactor 1 is used to provide its sensible heat 
424
MnCl2-CaCl2-NH3.
425
426 
442
of two working modes are quite similar whereas system COP of sorption-compression mode is much
443
higher than that of temperature upgrade mode due to the fact that heat input will be double for two sets
444
of HTS and LTS reactors. RTES system with sorption-compression mode will be more flexible to external working conditions with a larger working range and improved performance by consuming a 446 small part of electricity. 
